Method to Inprove the Efficacy of Therapeutic

Radi ol abel ed Drugs This application clains the benefit
wobkooshssoss | i ng date of U. S. Provisional Appli CBEtT/IBR004/004428

Serial No. 60/528,473 filed Decenber 11, 2003 and is

i ncorporated by reference inits entirety herein.
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Technology Background

Radiolabeled antibodies are valuable diagnostic and therapeutic reagents. They are
particularly useful as cancer therapeutics. The administration of a radiolabeled antibody
with binding specificity for a tumor-specific antigen, coupled to a radioisotope with a
short-range, high-energy radiation, has the potential to deliver a lethal dose of radiation

directly to the tumor cell.

An example for a radiolabeled antibody is yttrium-90 labeled Zevalin, which targets the
CD20 epitope located on B-cells and which is currently used in the treatment of non-
Hodgkin Lymphoma (C. Emmanouilides, Semin Oncol. 2003; 30(4):531-44). The
radioisotope, yttrium-90, destroys the cells the antibody is attached to and the cells within
the range of its radiation. The radiolytic activity of yttrium-90 has been well described
(Salako et al. 1998, J. Nucl. Med. 39: 667; Chakrabarti et al., 1996, J. Nucl. Med. 37:
1384).
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for exchanging the radiolabel-carrying moiety for a radiosensitizing moiety.
Radiosensitizers are well known in the field (e.g. EP0316967, US2003166692,
US2001051760, US6589981).

Dual-agent compounds that combine the antitumor activity of an active drug such as
paclitaxel with the radiosensitizing potential of an additional moiety attached to this drug
have been described in W0O9640091 and in US5780653. However, these agents still need
external radiation, which is unspecific and highly damaging to normal tissue, whereas the
present invention utilizes its own radiation source and does not need external radiation.
Gd-containing complexes used as radiosensitizers have been described in US5457183
and in US2001051760 where Gd-Texaphyrins or Photofrins are used.

Instead of Gd, other metals with radiosensitizing potential might be utilized such as
Co(III) or Fe(III) as described in US4727068.
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characteristics.
the radiolabeled drug and the radiosensitizer have substantially the same targeting

characteristics.
In other aspects, the invention relates to such methods

wherein said drug has two moieties linked to it, one moiety containing a radiolabel and

the other moiety containing a radiosensitizer; and/or

wherein said drug is a small molecule, preferably labeled with a radioisotope; and/or
wherein said drug is a chelate; and/or

wherein said drug contains a chelate; and/or

wherein said drug is a protein; and/or
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and the radiosensitizer have substantially the same targeting characteristics; and/or
wherein said radiolabel is selected from alpha, beta and gamma emitters; and/or
wherein said radiolabel is selected from the group of lanthanides; and/or

wherein said radiolabel is yttrium; and/or

wherein said radiolabel is a radioactive halogen; and/or

wherein said radiolabel is iodine; and/or

wherein said radiosensitizer is or contains gadolinium, iodine or boron; and/or

wherein said radiolabel is attached or linked to the drug by a chelator linked to the drug

via a bridge; and/or



via a bridge; and/orwherein said chelator or chelate
conpri ses an EDTA, DTPA, or DOTA noiety; and/or
wobkmsesassai d | i nked or unlinked chel ator or chel/BE2004/004428
conpri ses MX-DTPA, phenyl - DTPA, benzyl - DTPA, or
CHX- DTPA; and/ or wherein said radiosensitizer is a
triiodobenzene noiety; and/or wherein said
radiosensitizer is a borane or carborane noiety;
Wi i PREH T P gt AP LRS H Erpr S A T [RIEA Blcjetysandior
anti body wth a n1xture of a radioactive isotope and

gadol i.ni.um, co i ron /or_co
Wik s BT g g e atog i SRR ORy A PR 4: Rty (PTPA
beRI I TH AL @9pandpaadad/oni um cobal t or "iron; and/ or

conprising mxing a drug | abeled with a radloact|ve

|sotope and a drug anal ogue | abel ed with gadolinium
wifiBRdia ALideE &Zegﬁ%tﬂ (R BIREShB Thi/ 9 YLEri um 90

iron- Iabeled Zeval i n. Detalled Descrlpt|on of the

I nvent.i on.Radi.osensitizing s under st ood
whezein saidl FadiqsgpsitagT 15 ac%oﬁ%’c?fg 8""? ﬂrg‘fle mO%z%lk‘)igglt%o i ncrease

t he damagi ng potential of external radiation at the

site of a tunpr. This neans that the radi osensitizer
whesgin sgd paikady ihéevalikod@rt e at a concentration that is

hi gh enough to act as a radi osensitizer and | ow enough

to exclude adverse reactions and to apply externa
conmsmgumntgahextmfztowtchclgte@mﬂ@ antibpduwith & migiureifgadigactive

Q t et site. Since this goal
‘“H%? gﬁﬁggfanEC%a@ i &Ved @g{lsfactorlly, the use of

radlosen3|t|zers in medi ci ne has been very limted. W
have, now f ound way o C|rcu€v

cogiprising padingsthe W@c‘fﬁow ﬁl@%%

and gadolinium, cobalt or iron; and/or

Qﬁwﬁtﬂ & ixture of yttrium-90

comprising mixing a drug labeled with a radioactive isotope and a drug analogue labeled

with gadolinium, cobalt or iron; and/or

comprising mixing yttrium-90 labeled Zevalin with gadolinium-, cobalt- or iron-labeled

Zevalin.
Detailed Description of the Invention

Radiosensitizing so far has been understood as administering a compound that is able to
increase the damaging potential of external radiation at the site of a tumor. This means
that the radiosensitizer has to reach the tumor site at a concentration that is high enough
to act as a radiosensitizer and low enough to exclude adverse reactions and to apply

external radiation to exactly this site without damaging normal tissue on its way to the
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utlllzeé poeblg(? not onﬁy the radioisotope but additionally other metal ions that function as
radiosensitizers such as gadolinium, cobalt or iron. The advantage of this approach is that
radiation and radiosensitizer are in very close proximity — they are combined in the same

molecule — and therefore allow for a high sensitizing yield.

Alternatively, the same type of drug — a monoclonal antibody with a chelator attached to
it via a linker — can be loaded either with the radioactive isotope (e.g. yttrium-90) or with
the radiosensitizing metal (e.g. gadolinium) and the two drugs, which preferably target
the same epitope, can be delivered either as a mixture or subsequently to the patient.
Alternatively, two different targeting moieties, antibodies, can be used which localize to
the same site, e.g., to different epitopes on the same cell. Both drugs will target the tumor

and therefore will be in close proximity to each other on the tumor so that effective
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Hohekagtlas principle does not exclusively work with antibodies but also with other

carriers such as any biopolymer, polymer, liposome or micelle preparation. Even non-
polymeric drugs big enough to carry an additional moiety can be utilized for this
principle. For example paclitaxel might be modified such that it contains a chelator
coupled to it via a linker. The chelator then could bind a radiolabel, e.g. yttrium-90 and/or

a radiosensitizing metal ion such as gadolinium.

Further examples would include chelates themselves that are not coupled to any other
drugs but which are drugs on its own. In this case the chelates would bind both the
radioisotope and the radiosensitizing metal ion, not necessarily in the same molecule, but

in the same solution or in a separate preparation.
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It 1s believed that one
skilled in the art can, u3|ng t he

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as merely illustrative, and

not limitative of the remainder of the disclosure in any way whatsoever.

In the foregoing and in the following examples, all temperatures are set forth uncorrected
in degrees Celsius and, all parts and percentages are by weight, unless otherwise

indicated.
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and using this mxture for |abeling of Zevalin.

Ex@mpledl bi ndi ng

Radiolabeling of Zevalin with Py and Gd is performed according to the procedure
described in example 1.

Subsequently, both solutions are mixed with each other and the mixture is then injected

into a patient.

Example 3
Radiolabeling of Zevalin with 0y and Gd is performed by mixing the solutions of YCl3

and of GdCl; each other and using this mixture for labeling of Zevalin. Optimal binding
of Gd and °Y is obtained when both lanthanides are present on an equimolar basis. Since
YCl; normally is used carrier-free, a non-radioactive Y isotope might be added.

Subsequently, the solution is injected into a patient.

Example 4

Polymers with attached chelates are synthesized as described for example in
US2003206865 or in WO03013617. Labeling of these polymers with Y and Gd is

performed according to procedures described in the literature.



of Gd and 90Y is obtained when both | anthani des are

present on an equi nolar basis. Since YCI3 normally is
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be added. Subsequently, the solution is injected into

a patient. Exanple 4 Polyners with attached chel ates

are synt hesi zed as described for exanple in

US2003206865 or in W003013617. Labeling of these
ExARb)ers with 90Y and Gd is performed according to
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1. A nmethod for inproving the efficacy of the drug
yttrium 90 | abel ed |britummab tiuxetan conprising
wedohesco§s ) nodi fying the drug by attaching a PCT/IB2004/004428
radi osensitizing Gd noiety to it, or (ii) conbining
the drug yttrium90 | abeled Ibritunmomab tiuxetan and
| britunomab tiuxetan which has a radiosensitizing &
noi ety attached to it to forma mxture. 2. A nethod
(Hof adm nistering yttrium90 |abeled Ibritunmomab
xetan conprising admnistering to a patient in need
thereof i) a nodified yttrium 90 | abeled Ibritunomab
L AEERob B bR RS M A B T B ot

tmgaw$QM$ﬁ§ﬁ§Mﬂkhe drug yttrium 90 Iabeled Ibrltunonab
tiuxetan and | britunmomab tiuxetan i ch has

(l)mmﬂillfd%ﬁb‘? diug by gttaghingn weipsepstizmg &y pgient o ‘tsgr A net hod
(ufgo %etcﬂu%gtﬁjl 5o 1MRESHMubBR a6 fibget@HdObritudmab

ose Sit1z rltunDnab tiuxetan is contained in
tivaetao whizhlhiap @ saliesensitizing 6 Inwiety attaghedbtoHblg foom ainkistues/i ng
the efficacy of Ibritunomab tiuxetan or already
yttrium 90 |abeled Ibritunomab tiuxetan conprising
2. tel t b’ﬁ‘it‘netﬂ'nbbl oa).drmmmamigrygnl(ad -40a bisdl @ biitumi dmebo ivxbtan comprising
i uxetan conpri sing eling Ibritunomab tiuxetan with
ad@”ﬂﬁlﬁ@@@ﬁéﬁpﬁfﬂﬁﬁeﬁﬂﬁ %ts or providing already Gd

i) L eelrRd y{thﬁllntwm TokitlHeS b tiukBEn tdWhith @RadibgRdsitizing Gd

ttrium 90 | abel ed Ibritunomab tiuxetan conprising
lnMa®e$mnghwbprtunDnab tiuxetan with yttrium 90 or

(115) : ovcﬁerPlg r? mﬁ g‘%ﬁlg‘%s ¥1tntl % umr sgpflrﬁgl?/ltﬁéjdrjugry[thh'mgbeled

Ibritumomab tiuxetan and Ibritumomab tiuxetan which has a radiosensitizing Gd moiety

attached to it.

3. A method according to claim 1, wherein the drug and/or the radiosensitized

Tbritumomab tiuxetan is contained in or on a liposome or micelle.

4. A method for improving the efficacy of Ibritumomab tiuxetan or already yttrium-
90 labeled Ibritumomab tiuxetan comprising either
(1) a) preparing Gd labeled Ibritumomab tiuxetan comprising labeling Ibritumomab
tiuxetan with a radiosensitizing Gd moiety or providing already Gd labeled
Ibritumomab tiuxetan, and,
b) preparing yttrium-90 labeled Ibritumomab tiuxetan comprising labeling
Ibritumomab tiuxetan with yttrium-90 or providing already yttrium-90 labeled
Ibritumomab tiuxetan, and
c) administering to a patient either together as a mixture or separately the Gd
labeled Ibritumomab tiuxetan and the yttrium-90 labeled Ibritumomab tiuxetan,
or,

(i)  a) preparing Gd and yttrium-90 labeled Ibritumomab tiuxetan comprising labeling
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c) administering to a patient either together as a
m xture or separately the Gd | abel ed | britunonab
wo poszesaass and the yttrium 90 | abel ed | brit unonEbI/IB2004/004428
tiuxetan, or, (ii) a) preparing Gd and yttrium 90
| abel ed I britunomab tiuxetan conprising
| abel i ngl britunomab tiuxetan with both a
radi osensitizing Gd noiety and yttrium 90, and b)

admiy e@%%[‘)n'aﬂﬁu&&a Rﬁ%b@l@ra@n@&n@qzﬂg@‘xdyﬁl&éﬂfy%ﬂ%rlum 90, and

| abe urmma tiuxetan
i npbywdmipistdrngdé fipetaany thefGdandhatriape? labeled Hirsimpapletuxetan.
drug conprising either (i) a) conbining the drug with
a radi osensitizer noiety, such that the
5.1 adipmemsd fordmprovirigthy effich@cdfesthérapdutie radiialghel@ndtup)
t hen, adm nistering to a patient the drug, or (ii) a)
compHeiNE SENeA carrier that has substantially the sane

(1)t ar %?Eélﬂ&nﬁllé%@%g'iﬁlﬁutd a&iofnsiting niciety Oduah el ae thedhdiBsensitizer
a radi osensiti zer noiety, and b) then

admmﬂlstb’elttmgs toghedpgt andnt  t he radi ol abel ed drug and

t he a mxture or
sepa aﬁfn ,ggtéﬂ?%%taﬁﬂgéﬂ‘;ﬁ adgng ni stering a therapeutic
orr adi ol abel ed drug conprising adm ni st ering to a
.pati ..n need thereof r adi ol abe
B Bl 255 BB b Ry PR Sl PP S s e
at t 3edisdbel&d diuiziwithCradidsengitiséahoiy, 4idt her as a mi xture
or separately the radlolabeled drug and a carrier

has B3 thestadministEtigg o fgatighid etraﬁ'géapplﬁe dpygaang dheesardsr; eeger
as ttbgetﬁe?%%ﬂﬁﬁle sgﬁa‘x‘&el‘ﬁm' ch has a radiosensitizing

attac 7 A nmethod according to
cI aimb5, wherein the carrler and t he radi ol abel ed drug

6. A method of administering a therapeutic radiolabeled drug comprising
administering to a patient in need thereof

i) a modified radiolabeled drug to which a radiosensitizing Gd moiety is attached, or

(ii) co-administering either as a mixture or separately the radiolabeled drug and a carrier
that has substantially the same targeting characteristics as the radiolabeled drug which

has a radiosensitizing Gd moiety attached to it.

7 A method according to claim 5, wherein the carrier and the radiolabeled drug
have as a target in a body of a patient the same epitope, or both the carrier and the
radiolabeled drug localize in the same site in the body, or attach to different epitopes on

the same cell.

8. A method according to claim 5, wherein the carrier is an antibody, biopolymer,

polymer, liposome or micelle preparation or a non-polymeric drug.
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have as a target in a body of a patient the sane
epitope, or both the carrier and the radi ol abel ed drug
wo omwabsass i n the same site in the body, or attBCHhIB2004/004428

different epitopes on the same cell. 8. A nethod
according to claim5, wherein the carrier is an
anti body, biopolyner, polyner, |iposone or mcelle

preparation or a non-polyneric drug.9. A nethod

accor di .l i ' 'Hdgaf) ibs linked
0 Toc % s Lofl ) Dby SHELD POBCATASA0R: iy s e
to irpdt ddastamedmthihnsoiatiesadhtalnal eidielnbkl and dtdeast omnef wifich

which noieties contains a radiosensitizer. 10. A
"“W?Fﬁ&@“@&%ﬁfﬁﬁﬂﬁn??p%1ain15, wherein the drug is a
chelate or contains a chelate. 11. A nethod accordi ng
to claim5, wherein the drug.is a protein, a polyner
100r B BRiBPY AssPrdingto; ghiens, Siheigi tha drusdyg chlaty AerANtaipig
chQhte RNA or a fragment thereof, a carbohydrate, or a
endrinmeric conpound. 12. A nethod according to claim
5, wherein the drug conprises a mxture of a

radi,ol abel ed dr. n 0 f. 1.S..dr
117 undy TERE EofiHg AR HORLERE B s b PlolefidtiBmeror
bidpddimerntibadli & aabativsiydraggnean DNAer REAI @sdrepinteny thereof, a
have substantially the sanme targeting characteristics.
carpghy e e N S iTIRPUBIcl ai m 5, wherein the
radi ol abel is an al pha, beta or gamma emtter. 14. A
met hod according to claim5, wherein the radiolabel is
12se| dcmetiod peserdingtogilaimg, gthereimihp drHeegprises a mixige Rba

T
prévidedrthatitid mbielabeled drugahid olecthdiveenkitizerdmme substantially the same

targeting characteristics.

13. A method according to claim S, wherein the radiolabel is an alpha, beta or gamma

emitter.

14. A method according to claim 5, wherein the radiolabel is selected from the group

of lanthanides.
15. A method according to claim 5, wherein the radiolabel is yttrium.

16. A method according to claim 5, wherein the radiolabel is a radioactive halogen, or

iodine.
17. A method according to claim 5, wherein the radiosensitizer is or contains

gadolinium, iodine or boron, or is a trilodobenzene moiety or a borane or carborane

moiety.
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iodine. 17. A nethod according to claim5, wherein the
radi osensitizer is or contains gadolinium iodine or
Whoosns56088 is a triiodobenzene noiety or a borBCEIB2004/004428
carborane noiety.18. A nethod according to claimb5,
wherein the radiol abel is attached or linked to the
drug by a chelator linked to the drug via a bridge.
19. A nmethod according to claim 18, wherein the
1gche 'A%Q{hgg Bcckpcﬁh?f?ecéﬁﬂn@ WSt AP rdRfifcl (RAchedor RERA to the
noi ety. . met hod acdording to claimb5, wherein the
drafr byga creldtomlinked or thedivgnieabiddest at or or chel ate
conpri ses MX-DTPA, phenyl -DTPA, benzyl - DTPA, or
CHX-DTPA. 2 1. A nmethod according to claim 20,
19C 0N in§ihBg at@adlh@ e didim B)ehadety thethetdied @tobelate camprises an
antibody with a m.xture of a radioactive i sot ope and
EQ%@d@T%KUﬁﬁ“EB@éWPaMT iron; and/or conprising | oading
the chelator or chelate on an antibody with a nixture
of yttrium 90 and gadolinium cobalt or iron.
20met Hourethod aeadrding tooclaimad, whsreimihe dayenis ﬂln%edonwglmlsed Ehetator or

chgllg{e n‘g?n&%kl lyi‘lg}\ en?@?ug 1 a%@)ﬁ%’f‘l@? . deﬁ’&l aim

iSing mXi ed mn a radi oactive
i sotope and a drug analogue | abel ed with gadollnlum

cobal t i ron,. and/ar co I Si.n I unt,9
21§ andh BETPH A RCHBRHL AL AP B B M eher SRR g on
anfbody Wit 4 ARRLRDflaREibALR0ERBobE BXEEIBIinium, cobalt or iron; and/or
comprising loading the chelator or chelate on an antibody with a mixture of yttrium-90

and gadolinium, cobalt or iron.

22. A method according to claim 5, wherein the drug is Ibritumomab tiuxetan.

23. A method according to claim 5, comprising mixing a drug labeled with a
radioactive isotope and a drug analogue labeled with gadolinium, cobalt or iron; and/or

comprising mixing yttrium-90 labeled Ibritumomab tiuxetan with gadolinium-, cobalt- or

iron-labeled Tbritumomab tiuxetan.
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